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 A B S T R A C T 
The downside of fossil fuels as non-renewable energy resources in Indonesia 
has led to invent alternative energy resources. One of alternative sources is 
biofuels, which are derived from organic compound that originated from plants 
and living creatures. Here, we used sorghum as a source of biofuels, but current 
knowledge of sorghum cultivation on dry land is limited. This study aims to 
determine the influence of sorghum genotypes on their growth and yield in a 
dry land, and to analyze the potential of sorghum as biofuels. This research was 
carried out in low land, on vertisol soil, from August to November 2020. We 
applied a completely randomized block design with one factor and 3 
replications. Seven sorghum varieties were identified namely Numbu, Super 1, 
Suri 3, Keller, Kawali, Black Sorghum, and Bioguma-2. The results showed that 
each variety had different genetical properties leading to various growth rates 
in both vegetative and generative phases. Our finding revealed that Keller 
variety was the most productive sorghum plant as it produced the highest 
sugar content (20°Brix). Also, Keller was the tallest plants (>300 cm) compared 
to other varieties. Bioguma-2 was the second, which was proven by its longest 
stem (307 cm) and high stem sap content (18°Brix). Thus, we recommended 





alternative energy, Duncan Multiple Range Test, genotypes, renewable resources, 
stage growth 
INTRODUCTION 
The usage of fossil fuels as the main energy 
sources has caused adverse impacts, mainly on 
environmental sectors (Barreira et al., 2017; Martins et 
al., 2019; Owusu and Asumadu-Sarkodie, 2016). 
Burning fossil fuels, such as coal, oil, and natural gas, 
have significantly contributed to raise level of carbon 
dioxide in atmosphere, which leads to global warming 
(Ekwurzel et al., 2017; Perera, 2018). In addition, other 
chemical properties released by burning fossil fuels are 
harmful to ecosystem (Manisalidis et al., 2020) and 
public health (Munawer, 2018). In terms of its 
production, the extraction of fossil fuel has tremendous 
effects on land use change (Johnsson et al., 2019). 
Furthermore, availability of fossil fuels in future is 
limited since its natural resources have been over-
exploited (Kirsch, 2020). This evidence of the fossil fuels 
has led many scientists to do research and to invent 
alternative energy resources.  
In Indonesia, the demand of energy is 
continuously rising in response to population growth 
(Kurniawan et al., 2020). Indonesia's energy 
consumption in 2014 has increased about 3.1%, with 
dependency on fossil energy for more than 90% of total 
energy resources, while renewable energy 
consumption was only 1.3%. (BPS, 2015). To create a 
sustainable energy supply, Indonesia has ambitious 
targets to increase the renewable source providing 23% 
of total primary energy supply by 2025, and 31% by 
2050 (IRENA, 2017). One of the alternative energy 
resources, which had been developed by government, 
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is biofuels. Biofuels are fuels derived directly from living 
matters, also known as biomass or bioenergy. There are 
five best plants used in biofuel extraction, including 
sorghum as its form in bioethanol. 
Sorghum, which is originally domesticated in 
Africa, become one of fifth main staple foods 
worldwide as its high nutrition for healthy dietary (Tasie 
and Gebreyes, 2020). Also, many researches revealed 
that sorghum has a great potency to be used as biofuel 
(Mathur et al., 2017; Stamenkoviç et al., 2020; Tang et 
al., 2018; Yang et al., 2018). Sorghums are typically 
drought tolerance crops (Badigannavar et al., 2018), 
which have fewer nutritional inputs during the 
cultivation (Telleng et al., 2016), but it results in high 
productivity (Naoura et al., 2019). These crops are well 
cultivated in dry land, with low annual rainfall and air 
temperatures regularly around 32°C. In Indonesia, there 
are five provinces which become the main production 
of sorghum, namely Central Java, Yogyakarta, East Java, 
West Nusa Tenggara, and East Nusa Tenggara.  
This research aims to evaluate seven sorghum 
superior varieties based on field experiment. The 
experiment results were expected to identify the most 
suitable variety to be cultivated as it has the highest 
production of bioethanol. This information can be used 
as a reference to raise sorghum supply for covering 
both food and biomass energy demand. 
RESEARCH METHODS 
Study Area 
This research was carried out in Cabeyan Village, 
Bendosari District, Sukoharjo Regency, Central Java 
from August to November 2020. Cabeyan, which is 
located about 120 m above sea level, covers 306 ha, in 
which mostly used for farming (more than two third of 
the total). Geographically, Cabeyan is located at 
07°43'02"S and 110°56'41"E (Figure 1). The air 
temperature ranges from 23-34°C with a relative 
humidity of 77%. The soil type at the research site is 
vertisol soil. Vertisol soil developed from limestone 
(Kehal and Benderradji, 2017). High clay content allows 
this soil to swell when it moistened whereas it shrink 
when dry (Debele, 2016). The unique properties of 
vertisols are associated with vertical mixing 
(pedoturbation), lateral shear, formation of cracks, 
slickensides, and gilgais (Kovda et al., 2016). The 
content of organic matter in vertisol soil is commonly 
around 1.54% with a pH ranging from 6.0 to 8.2, and N-
total around 0.24% (Syamsiyah et al., 2017). 
Research Design 
The field experiment was conducted to evaluate 
the yield of seven superior varieties of sorghum, namely 
Numbu, Super-1, Suri-3, Keller, Kawali, Black Sorghum, 
and Bioguma-2 (Figure 2a). The seed of sorghum were 
obtained from Center for Food Crops. Each variety was 
implemented a one-factor experimental method which 
was arranged in a completely randomized block design 
with three replications. For a replication, we planted the 
seeds in 16 specific points following a 20 cm x 65 cm 
planting system. The seeds were grown in a seedbed, 
with 25 cm in height and 100 cm in width (Figure 2b). 
In total, there were 336 plants, which were divided into 
21 experimental blocks. 
 
Figure 1. The location of Cabeyan village shown by the red circle. 
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Figure 2. The materials and design of field experiment conducted in this research: (a) physical appearance of seven 
sorghum varieties, in order from V1 to V7: Numbu, Super-1, Suri-3, Keller, Kawali, Black Sorghum, and 
Bioguma-2; and (b) the planting scheme of sorghum in each seedbed. The filled circle notated the sorghum 
plants, while the reds are specifically taken as sample for the analysis.
Each block had same treatments as the following 
explanation. Some documentations depicted the field 
condition during the sorghum cultivation were shown 
in Figure 3. 
 Land preparation. It is essential to plant sorghum 
into a weed-free seedbed, so all weeds should be 
controlled with tillage or a preplant burndown 
application prior to planting. The preparation was 
begun by manual clearing to remove any weeds and 
loosen the soil. After that, the mechanized tillage 
was carried out by mapping the experimental unit 
and creating treatment blocks. 
 Seed planting. Sorghum seeds were planted four cm 
deep. Planting holes were made using tugal by 
following the planting system (20 cm x 65 cm). We 
planted four sorghum seed for every hole, then we 
added four grains of phonska fertilizer. Lastly, the 
holes were refilled with manure.  
 Irrigation. Sorghum requires less amount of water 
and has a high resistance to drought (Prasad et al., 
2021). However, there are some specific times when 
watering should be prioritized, e.g when sorghum 
had grown four leaves, during the ripening period, 
and when the whole panicle seeds are filled up 
(Macêdo et al., 2018).  
 Thinning. The practice of thinning sorghum plants 
was done to allow them plenty of growing room so 
that they can receive all the proper growth 
requirements (moisture, nutrients, light, etc.) 
without having to compete with other seedlings. 
This activity was applied after two weeks from 
planting day. We just allowed only one plant with 
the most optimum growth in each planting hole. 
 Stitching plants. Since some sorghum seedlings 
grew abnormally, such as having withered leaves, 
we had to replaced them with the new sorghum 
seedlings. 
 Regular crop maintenance. In this stage, we did 
some maintenance regularly to ensure that the 
sorghum plants grew perfectly. The maintenance 
practices were: (i) weeding, (ii) adding the second 
fertilization, and (iii) pest-disease control. The 
second fertilization, which was distributed between 
plants in each row, was urea fertilizer in dosage 
about one teaspoon (~4.24 g). To minimize potency 
of birds’ attack toward sorghum plants, we installed 
flexible strimin (coarsely woven fabric used for 
lining) around each planting block.  
 Harvest. Harvesting was done around 120 days after 
planting date, when the plants showed mature 
characteristics, such as withering and yellowing 
leaves, also pithy and hardening grain with a high 
flour content (Cox et al., 2018). The harvest process 
was by cutting the base of the stalk or panicle to the 
neck of the panicle. 
Plant Growth Analysis 
 Plant Height. Plant height is a growth indicator to 
measure the influence of environment towards 
plants (Li et al., 2019). The increasing plant height 
occur due to cell division and elongation. In this 
research, the height was measured from lower stem 
to the tip of the highest leaf or crown. This 
measurement was carried out when when sorghum 
plants were at nine weeks after planting date. There 
are three category to classify sorghum plant height: 
short (76-150 cm), medium (151-225 cm), and tall (> 
225 cm) (Rohila et al., 2019). 
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Figure 3. Documentations depicted the field condition during the sorghum cultivation: (a) field area used for this 
research, (b) the irrigation system of experiment area, (c) sorghum plant at 2-week after planting date, (d) 
crop maintenance by farmers, (e) 12-weeks of sorghum plants, (f) the harvested sorghum, and (g) the Atago 
hand refractometer for sugar content measurement.
 Number of leaves. Leaves are essential organs for 
plants as food production by photosynthesis 
process. This parameter was included as growth 
indicator of which describes the ability of plants to 
carry out photosynthetic activities (Zhang et al., 
2020). In this research, we took the sample for 
calculating leaves of sorghum plant at nine weeks 
after planting date. Only leaves that had fully 
developed on the stem, were counted for this 
parameter. 
 Stem segment length. A stem segment is a part 
between two nodes on the stem of sorghum plant. 
Unlike stem tips, the stem segment does not grow 
continuously. The length of the stem segment was 
observed by measuring the lower, middle, and 
upper segments using a measuring tool. This 
measurement was performed when the plants were 
12 weeks old after planting day. 
 Stem sap measurement. The sugar content in 
sorghum stem was measured using the Atago hand 
refractometer during the harvesting season (Figure 
3g). The measurement process was performed by 
squeezing the sorghum stem until the sap dripped 
out into the glass of the refractometer. The sugar 
content was identified in Brix scale. 
Statistical Analysis 
From the field experiment, we collected four 
parameters of plant growth for each sorghum variety. 
The data were then statistically analyzed using analysis 
of variance (ANOVA) to find out whether the 
experiment results were significant or not. Since the 
ANOVA results did not clarify which varieties were 
significantly different among others, the analysis was 
continued using Duncan's Multiple Range Test (DMRT). 
The DMRT was done if only the ANOVA results stated 
that there were significant differences between group 
of sorghum varieties. The Duncan’s test was used a 5% 
significance level for the analysis. 
RESULTS AND DISCUSSIONS 
Plant height 
Based on sorghum plant height measurement, 
all varieties were included to medium and tall category, 
which were ranged from 181-307 cm (Table 1). There 
were four varieties, namely Numbu, Suri-3, Kawali, and 
Black Sorghum, which were belonged to medium class, 
while the rest were tall (more than 225 cm). The two 
highest sorghum plants, which had no significant 
difference, were Bioguma-2 followed by Keller (more 
than 300 cm). Another paired variety that had similar 
plant height, were Suri-3 (214 cm) and Black Sorghum 
(220 cm). The other varieties were varied as they 
notated by different letter according to the DMRT 
result.   
The results confirmed that sorghum variety 
affected the diversity of plant growth. Each plant variety 
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had specific ability to response the same treatment or 
environment given on experiment blocks. A different 
response led to vary the potency of yield. Compared to 
previous study, the resulted plant height for Numbu 
was far lower (30%) than that of resulted by Cahyo et 
al., (2014) in Lampung, while the Keller variety was 
slightly higher (about 4%). This different plant height 
result of the same varieties was caused by different 
location and the maintenance been applied to crops 
during the cultivation process. 
Number of leaves 
Based on observation in 9th weeks after planting 
date, the average full-formed leaves in a plant mostly 
ranged from 11 to 14 leaves (Table 1). Only Black 
Sorghum variety that had less than 8 leaves in average. 
There was not a clear pattern about connection bet-
ween number of leaves and plant height. Even though 
the highest number of leaves was observed in 
Bioguma-2, which also was the tallest sorghum plant in 
this experiment, the fewest leaves (Black Sorghum) did 
not indicate as the shortest plant. Based on the DMRT 
result, there are two pairs of sorghum varieties of which 
had no significant differences in average number of 
leaves. The first pair was Numbu and Keller varieties, 
which the same average value (13.89 leaves). The 
second pair were Super-1 and Suri-3 with average value 
at 11.89 and 11.61, respectively.  
The number of leaves on a plant was mainly 
influenced by the genetics of the plant which control 
the arrangement of leaves on the stem. Our finding 
revealed that the higher plant did not result more 
leaves. The former study had explained that number of 
leaves were affected by environmental factor and plant 
growth regulators, such as air temperature, water 
availability, and light intensity (Qaderi et al., 2019; 
Zhang et al., 2020). The number of leaves increases due 
to the formation of new leaves (Wu et al., 2021). The 
higher number of leaves in a plant lead to higher 
biomass which was yielded (Widiastuti and Latifah, 
2017). 
Stem segment length 
The length of stem segment in this experiment 
were varied between 18 cm and 31 cm, as the longest 
and the shortest stem segment were Super-1 and 
Numbu, respectively (Table 1). Based on the DMRT 
results, from seven tested sorghum varieties, they were 
divided into five groups which had statistically 
significant different among others. It means that there 
were two pairs of varieties which had similar result in 
stem segment length. As the second longest, Keller and 
Black Sorghum were having similar average of stem 
segment length, both at nearly above 27 cm. 
Furthermore, Suri-3 and Bioguma-2 were classified into 
same group even the Suri-3’s stem segment length was 
one centimeter longer than that of Bioguma-2. 
The results of the analysis of variance showed 
that the treatment of various varieties had a significant 
effect on the length of the stem segments. Based on 
previous biological study, the main factor of different in 
internode length was possibly due to the ability of the 
stem cells elongate itself (Kebrom et al., 2017). The 
genetic factor of each varieties considered the 
maximum stage of elongation phase, which mean that 
as stem cells reach their optimal stage, the elongation 
mechanism will stop (Rai et al., 2016). Previous findings 
suggested that stem internode length is influenced by 
the interaction of plant genotypes and the growing 
environment (Boyles et al., 2019; Hilley et al., 2016; 
Shukla et al., 2017). This also confirmed by Budi (2016) 
and Castro-Nava et al. (2016) whom their research 
focused to sugarcane plants, reported that varying 
sugarcane varieties resulted in also varying lengths of 
stem segments. 
Table 1. Comparison the results of plant growth parameters among sorghum varieties used in this research by using 
Duncan's Multiple Range Test. Plant height and number of leaves were measured at nine weeks after 
planting date, while stem segment length and stem sap content were at 12 weeks after planting date and 
harvesting time. 
Sorghum Variety Plant height (cm) 
Number of 
leaves 
Stem segment length 
(cm) 
Stem Sap Content 
(°Brix) 
Numbu 198.78d 13.89ab 18.22e 16.56
c 
Super-1 284.50b 11.89c 31.89a 17.67
bc 
Suri-3 214.50c 11.61c 24.69c 16.94
c 
Keller 304.78a 13.89ab 27.22b 20.61
a 
Kawali 181.61e 13.39b 20.23d 9.61
d 
Black Sorghum 220.44c 7.33d 27.85b 6.67
e 
Bioguma-2 307.94a 14.33a 23.64c 18.67
b 
Note: the same letter notation on the values in one column indicates no significant difference at 5% level (p > 0.05).
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Level of stem sap 
Stem sap becomes an essential component of 
sorghum plant since it is a place where glucose is stored. 
Based on the measurement using refractometer at the 
harvesting period, the average sugar content greatly 
varied, which were ranged from 6 to 20 °Brix (Table 1). 
Based on the DMRT results, almost all varieties had 
significantly different in resulting sugar content. Only 
Numbu and Suri-3 were categorized into similar result 
in average, which nearly above 16 °Brix. Kawali and 
Black Sorghum became the least productive sorghum 
plants since the sugar content were only a half of the 
others (less than 10 °Brix). Meanwhile, the Keller variety 
was the highest sugar content with the average value 
was around 20.6 °Brix. 
Our finding revealed that the sugar content in 
the stem sap was greatly influenced by the genetic 
factor of each sorghum variety. This result was relevant 
with the research finding by Carvalho and Rooney 
(2017) who compared twenty sorghum varieties in 
Texas. In addition, the sugar content is also influenced 
by the climate, sorghum age, and maintenance 
methods (fertilizer application and irrigation) (Gerrano 
et al., 2014; June, 2011; Sekhon et al., 2016). However, 
in the sorghum generative phase, the sweetness level 
in the stem sap will decrease since its sucrose deposits 
are diverted for seed development (Sehgal et al., 2018). 
CONCLUSIONS 
Field experiment was conducted to assess seven 
sorghum varieties as its high potential on produce 
ethanol for biomass energy resource. We used four 
parameter of plant growth component, namely plant 
height, number of leaves, stem segment length, and 
stem sap content. Based on the ANOVA and DMRT 
analysis, in general, the tested sorghum plants mostly 
resulted significant differences among varieties for all 
parameters. The Keller and Bioguma-2 variety were 
concluded as the highest potential yield of sorghum 
plant since it had high sugar content, plant height, and 
stem segment length. Thus, we recommended both 
varieties as the suitable sorghum variety to be 
cultivated, especially on dryland, in order to develop 
highly productive biofuel in Indonesia. 
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